Radiative transitions γ∆(1232) → N * are discussed in the nonrelativistic quark model with spin-orbit corrections for the 70-plet L P = 1 − nucleon resonances N * . The reaction γN → γ∆ is considered as a tool to measure some of these transitions. A particular sensitivity to photoexcitations of S 11 (1535), D 13 (1700), and D 15 (1675) is predicted.
1 Introduction: the GDH sum rule for the ∆ (1232) My motivation to analyze photocouplings of the ∆(1232) was initially related to a problem of saturation of the Gerasimov-Drell-Hearn sum rule 1 for the ∆ 2 . Generally, the GDH integral
must give the magnetic moment µ of the baryon B of the mass M , spin s and the electric charge eZ through the total photoabsorption cross sections σ 1±s for the target spin parallel or anti-parallel to the photon helicity λ = +1. The second line re-expresses the integral (1) through the electromagnetic transition amplitudes A(λ, σ) of γB → N * in the zero-width approximation for the resonances N * . Usually photocouplings A Λ are defined instead of A(λ, σ),
where Λ = λ + σ is the total helicity, λ = +1, and ξ = ±1 is a phase factor determined by the pion decay amplitude of the resonance N * 3 . Collinear kinematics p k is assumed in (3) .
In the framework of the nonrelativistic quark model (NQM), there is a fundamental difference between the GDH sum rule for the nucleon and for the ∆. The radiative M 1 transitions N → ∆ with the helicities 1 + 
Photocouplings in NQM: the role of spin-orbit corrections
It was found long ago 4 that nonrelativistic constituent models do not obey the GDH constraint (1) . Relativistic corrections are needed in order to restore the validity of the GDH sum rule. They are especially important for high-lying states. For a target having all constituents (quarks) on the s-shell and thus having the angular and magnetic moment completely composed of constituent's spins, it is sufficient to include only spin-orbit corrections,
Apart from ordinary additive spin-orbit terms (SO) this equation contains important non-additive (NA) two-body pieces which appear owing to the Wigner rotation of quark spins into the center-of-mass frame of the baryon 4,5 . One can illustrate the role of the SO+NA terms taking the radiative transition γN → ∆ as example. Equation (3) defines the photocoupling A Λ of the nucleon as a Lorentz-invariant quantity. However, when nonrelativistic wave functions and the nonrelativistic electromagnetic current are used in (3), the result does depend on the frame used. For example, the photocoupling A 3/2 found in the c.m. frame ( p = − k), in the Breit frame ( p = − negative-parity baryons |70, L P = 1 − . With three exceptions, we found a full agreement with the previous work 5 [those exceptions are the SO contribution to the amplitude A 3/2 for γN → D 33 (1700) and NA contributions to the amplitudes A 1/2 , A 3/2 for γN → S 13 (1620)].
Then we calculated photocouplings of the ∆. Our results for ∆ + are given in the Table 1 as example, separately for the cases when a pure nonrelativistic approximation is used (columns NR) and when the spin-orbit corrections (4) are included too (columns SO). Also (some of) predictions of Carlson-Carone 6 are shown (columns CC1) which have been obtained through a fit to experimental data on nucleon photocouplings using one-body quark operators dominating in the large N c limit of QCD. For large amplitudes, there is a qualitative agreement between our results (when SO is included) and the results of Carlson-Carone with the except for a few signs which are probably related with different phase conventions used for the baryon wave functions; our convention follows Ref.
3 ). Our calculation suggests a strong photocoupling of the ∆(1232) to the lowest J = The differential cross section of inelastic Compton scattering is seen to be compatible with that of elastic γN scattering. Therefore we may conclude that the original idea of Carlson-Carone 6 to study photocouplings of ∆ in the reaction γN → γ∆ can probably be realized in practice.
